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. Theorell, H. (1943 In this paper observations on provitamins and vitamins A and D and the carotenoid astaxanthin in developing salmon eggs are recorded, together with changes in neutral fat, cholesterol and phospholipin content. An adequate discussion ofthe broader aspects of these matters must await more facts pertaining to more species. This study shows among other things a marked conservation of astaxanthin during development and a striking lack of evidence that vitamin A (or A2) is required in more than traces, if at all.
Through the kindness of Dr R. J. Daniel (until recently of the Department of Oceanography in this University), supplies of salmon eggs were made available to us over a total period of some 3 months in one season and at intervals in previous years.
EXPERIMENTAL
Material8 Salmon egg8 (Salmo salar) . The eggs were kept in trays in a shallow tank through which water at 9-10 was kept flowing. The eggs were fertilized early in December; about 70 % survived until near the end of the yolk sac period. The greatest mortality occurred during 2 days just before hatching. All material was provided by Dr Daniel.
Stages of development. Daniel (1947) has discussed the development of salmon eggs and has used a numerical description correlated with the number of days before ( -x) and after ( +x) hatching. His designation of stages of development has been followed here (see Table 1 ).
Examination of eggs and larvae
Methods of extraction. The larvae (both before and after hatching) were superficially dried with blotting paper and weighed. At different developmental stages eyes were dissected out whole and extracted after thorough grinding. When the embryos and yolks were separated by dissection they were bulked andthe average weights recorded (Table 1) . In all cases the material was thoroughly ground with five times its weight of anhydrous Na2SO4 and the mixture was left to stand under freshly redistilled ether for 2-5 hr. The yellow ether extract was decanted through a G4 sinteredglass filter and the residue washed with warm ether two or three times. The combined extract and washings were taken down to dryness under reduced pressure at room temperature and in a dim light. The lipid residue was weighed and then dissolved in a suitable volume (10-50 ml.) of light petroleum for estimation of the carotenoids (lipid extract I).
The tissue residue, after the first extraction, was then left to stand for 3 hr. under a mixture of equal volumes of ethanol and ether. The supernatant liquid was decanted off and the residue washed as described above. The combined washings and extract were reduced in volume, transferred to a small flask and taken to dryness on a hot-water bath. A few ml. absolute ethanol were added and a stream of N2 passed through the flask to drive offthe last traces ofsolvent. This second lipid extract II was retained.
Analytical methods
Carotenoids and vitamin A. The light petroleum extract (I) above was examined spectrophotometrically by the method previously reported (Morton & Rosen, 1949). Phospholipins. In many experiments the greater part of both extracts was used for determining acetone-insoluble lipins. A suitable fraction of the light petroleum extract I was placed in a tared 50 ml. conical flask and taken to dry. ness. Acetone (35 ml.) was added and the mixture heated to boiling; a small oily residue at the bottom of the flask was well dispersed by shaking. The flask was then allowed to cool and left in the ice chest overnight. The insoluble phospholipins adhered to the wall of the flask so that the supernatant liquid could be decanted off cleanly and the residue washed with a little cold acetone. The insoluble residue was dried on the water bath by adding a little absolute ethanol which was later removed in a stream ofN2. Traces ofresidual solvent were always removed under suction prior to weighing. The whole of the lipid extract II above was treated with acetone as described, yielding another fraction (2) of phospholipin, enabling the total phospholipin in the tissue to be assayed. The egg capsules may not on every occasion have been quite completely extracted as they were very resistant to grinding.
Cholesterol. This was determined gravimetrically as the digitonide by standard methods either on acetone-soluble extracts or on unsaponifiable fractions. The LiebermannBurchard reaction was used as a guide to the presence of steroid.
RESULTS Lipins Table 1 shows that initially the eggs contained 6-2 % of acetone-soluble lipid, and 2-9 % of phospholipin. The eggs at spawning contain about 50 % of water (Hayes & Hollett, 1940) so that (corrected for water) the results agree well with those of Halpern (1945) who found 12.5 % fat and 6-2 % phospholipin in salmon roe. Hayes & Ross (1937) at stage I recorded 9-1 mg. true fat (i.e. 7%) for a 'standard hypothetical egg' weighing 130 mg. Table 1 shows that a gradual, small loss of fat occurs before hatching; this fits the results of respiration studies by Hayes & Hollett (1946) $ By addition of results on yolks and embryos. § Eyes were removed at this stage and some loss of water during the time occupied in dissection may have contributed to the apparent loss of weight.
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I DEVELOPING SALMON EGGS after hatching) more than 40 % of the fat has disappeared, but there is no concomitant increase in phospholipin content. It is not known whether the fat is utilized, directly or indirectly, for the formation of carbohydrate. The fat content of the salmon embryos shows a rise soon after hatching, although there is an overall loss of fat in the larvae. The phospholipin decrease in both embryo and yolk (+ 14 days) is difficult to explain on any basis other than utilization for cholesterol synthesis (see p. 428).
Carotenoid Chromatographic tests showed that young salmon eggs contained neither carotenes nor xanthophylls (it was unfortunately not possible to spare material for examining mature unspawned ova) and astaxanthin, the only carotenoid to be detected, was present almost entirely in the free (unesterified) state. The loss of astaxanthin during 87 days (-42 to +45) was 12%; 71% was transferred to the embryo and 17 % remained in the yolk. The corresponding figures for fat were: lost 42%, stored in embryo 26%, left in yolk sac 32%. It seems, therefore, that the transport and metabolism of astaxanthin and fat must be largely independent. The astaxanthin in the yolk remained free throughout the period, but in the final determination practically all the astaxanthin of the embryo was epiphasic, i.e. esterified; the embryos also contained an unknown ethanol-soluble substance with A,, 418 mpj. and an inflexion near 500 m,.
Lipochrome8 of the eye The most significant observation was that neither vitamin A1 nor vitamin A2 could be detected by the antimony trichloride colour test or by ultraviolet absorption. Fourteen days after hatching the eyes contained about 7 % of the total astaxanthin. In one batch, 200 larvae approaching the end of the yolk sac stage were dissected and the bulked eyes 
Choleerol
The findings for cholesterol (total and free) are shown in (Table 3) . (Hayes, 1930; Hayes & Ross, 1937) indicates that utilization of fat as fuel occurs mainly in the last 4 weeks. The total fat of the embryo at first increases rapidly, decreases at hatching and then increases steadily. The amount of fat in the yolk sac rises before hatching and then falls slowly until increasing combustion sharply accelerates the rate of disappearance. Lovern (1934 Lovern ( , 1936 found that the fat from ripe salmon eggs contained a larger proportion of unsaturated fatty acids than did salmon depot fat. Anno (1940) observed that the unsaponifiable matter of salmon eggs (Oncorhynchus gorbuscha) was nearly all cholesterol. Steven (1947) obtained astacene from the ovaries of the brown trout (Salmo trutta). Salmon egg oil shows selective absorption in the region 260-270 m,u., but vitamin A is not present (Johnstone & Hayes, 1938-42) . Studies on carbohydrate (Hayes & Hollett, 1940) protein (Hayes & Hollett, 1946) and glycogen (Daniel, 1947) in salmon eggs have also been made.
The present work shows that in the developing salmon egg the principal carotenoid pigment is astaxanthin which is smoothly but only in part transferred to the embryo and esterified. There is not much loss. The absence of detectable amounts of provitamins or vitamins A is striking, especially from the eyes, and points to the need for a special study of the biochemistry of vision in the embryos and of the biological role of astaxanthin.
Both neutral fat and phospholipin appear to be metabolized to a substantial extent during development, since there is an overall loss of both. Transfer to the embryo appears to take place on a considerable scale in the later stages. After hatching (-7 (Riddle, 1916) . According to Mueller (1915) , the total cholesterol does not change during incubation, but up to the thirteenth day free cholesterol is predominant and thereafter up to 40 % becomes esterified. Roffo & Azaretti (1926) doubted whether cholesterol synthesis takes place, but Channon (1925) , Thannhauser & Schaber (1923) and Dam (1928) all considered that there was definite evidence of synthesis; in terms of dry weight of embryo the cholesterol content is at its highest on the eleventh day. Rittenberg & Schoenheimer (1937) , however, using deuterium, found neither synthesis nor degradation of cholesterol during incubation of hen eggs up to the twentieth day, but accepted active metabolism ofcholesterol as occurring immediately after hatching. Yamaguchi (1924) found storage of cholesterol esters in the embryonic liver of man, rabbit, dog, guinea pig and toad, but curiously not in snakes and salmon; the present work removes the discrepancy with salmon. The occurrence of some cholesterol esters in the yolk sac at stage VIII (+ 14 days) is consistent with the results of Hanes on chick eggs and with the view of Needham (1931) that some esterification is to be expected. SUMMARY 1. Over a period of about 3 months from fertilization developing salmon eggs, examined at different stages, did not contain 'carotene' or ' xanthophyll', vitamin A1 or A2 or 7-dehydrocholesterol in detectable amounts.
2. Astaxanthin was the sole detectable carotenoid pigment. In the course of development, most ofit is transferred to the embryo and esterified.
3. More than 40 % of the neutral fat is metabolized.
4. Marked synthesis of cholesterol occurs in the period immediately before and after hatching and there is a concomitant and equivalent disappearance of phospholipin.
We are indebted to the Ministry of Food and the Medical
Research Council for financial assistance during the period in which the work was carried out. I952 428
